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Abstract 
 Information and communication technology (ICT), information infrastructure 
(II), geographic information system (GIS), and spatial data infrastructure (SDI) 
have interdependences. However, there has not been systematic exploration of 
their dependences, and therefore the nature of their relationships is not precisely 
known. Here, we use the “Bermuda” metaphor to initiate the discussion on which 
one of them enable and which ones constrain the others and how so. We argue 
that, by providing generic technological base, ICT and II potentially enable GIS 
and SDI; GIS and SDI mutually support and enable each other; and GIS and SDI 
do offer important contents to ICT and II services. The effective use of each of 
the ICT, II, GIS and SDI is enhanced by others. Thus, with the Bermuda Square 
model, we reveal that a greater social impact will ensue when we consider the 
whole square instead of treating its parts separately. 
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1. INTRODUCTION 
 
Technological and institutional interdependences are not always easy to 
decipher, particularly in case of large scale efforts such as the establishment of 
spatial data infrastructures (SDIs) are. Although the relationships among SDI, 
geographic information systems (GIS), information infrastructure (II), and 
information and communication technologies (ICT) are evident from their cross-
reference in literature and practice, we lack a thorough understanding of the 
nature of these relationships. The accounts attempting to define or explain the 
interdependences are, therefore, often confusing. For example, Bishop et al. 
(2000) maintain that GIS can not be built without SDI, whereas Georgiadou et al. 
(2005) argue that SDI requires strong GIS installed base. In their study of early 
diffusion of GIS in Europe, Masser et al. (1997) reveal that countries that are 
more involved in producing and using digital geographic data are more likely to 
have higher adoption rates of GIS technology, leaving the question of what 
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comes first somewhat open. Most often, the technological and institutional setups 
are taken as given and not explored systematically. For instance, the role of ICT 
and II in developing GIS and SDI is apparent, as these artifacts—such as 
computers, peripheral devices, communication networks—are essential to both. 
However, there are many questions left unanswered: Are there any other mutual 
supporting roles among ICT, II, GIS, and SDI beyond this obvious point? Which 
ones enable and which ones constrain the others and how so? In this paper, we 
consider SDI, GIS, II, and ICT as four nodes of the Bermuda Square (Figure 1) 
and attempt to analyze its geometry and topology.  
 
Figure 1: SDI-GIS-II-ICT Square 
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Why Bermuda? Because, just as this infamous location of disappearing 
planes and ships is less scary when analyzed and understood (U.S. Coast Guard 
and U.S. Navy, 2005), the SDI community needs to demystify and simplify the 
complexities that cloud its direction and actions. Like lightening bolts, the energy 
of the constituent elements is there to be captured rather than feared. Why 
square? Because the number of relevant dimensions is ours to decide and 
observing a square rather than triangle may provide us a fresh view. Also, 
because it is more than three vectors and nodes interacting; and in fact, there 
could be more than four (e.g. pentagon, hexagon, or irregular polygon 
symbolizing different weights of the dimensions) as we discover additional 
interdependent elements. It is the modest intention of this paper to provide basic 
definitions of the four elements, initiate discussion on their relationships, present 
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the state of regional SDIs in the United States as an illustration of the investment 
of effort and resources required to install the SDI base, and raise awareness 
about the importance of capacity building needed to advance toward widely 
available, accessible, sustainable, and useful SDIs.     
 
2. GEOMETRY = DEFINITIONS 
  
The developers and users of SDIs deal with all four elements – SDI, GIS, II, 
and ICT. Defining them each individually would help us proceed with exploring 
their interactions and dependences. Extensive experience from the diffusion of 
innovation research suggests that inconsistent definitions and concept 
operationalizations result in ambiguous research findings and prevent 
comparison of studies conducted independently on the same subject (Budić et 
al., 1994). Furthermore, they aggravate the building of a coherent body of 
scientific knowledge and blur the translation of that knowledge to practical 
applications. Thus, we start by establishing working definitions of the four 
elements (Box 1).  
 
2.1  Spatial Data Infrastructure - SDI 
 
Since the inception of SDI in early 1990s as a concept and then the 
development efforts in the United States and many other countries around the 
globe, its definitions have likewise proliferated (Rajabifard et al., 2003; Chan et 
al., 2001). President Clinton’s 1994 Executive Order 12906 for the establishment 
of the national spatial data infrastructure (NSDI) and the Federal Geographic 
Data Committee’s (FGDC, 2006) definition of NSDI gave the impetus to extensive 
SDI activities in the U.S. and abroad. Most definitions agree on geographic data, 
metadata, framework, services, clearinghouse, standards, and partnerships as 
constituents of SDI (GSDI, 2006). The goals of all SDI are similar across many 
initiatives and go beyond data access, discovery, and evaluation for use to their 
application in real problem-solving and decision-making settings. The SDI are 
viewed as assets at local community and other levels in responding to many 
societal challenges spanning from better environmental protection, efficient 
transportation, and sustainable development to increased security (Masser, 2005; 
Craglia et al., 2004).  
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Box 1: Definitions of SDI, GIS, II, and ICT 
 
 
Spatial Data Infrastructure (SDI) 
Technology, policies, criteria, standards and people necessary to promote 
geospatial data sharing throughout all levels of government, the private and non-
profit sectors, and academia. It provides a base or structure of practices and 
relationships among data producers and users that facilitates data sharing and 
use. It is a set of actions and new ways of accessing, sharing and using 
geographic data that enables far more comprehensive analysis of data to help 
decision-makers chose the best course(s) of action.  
(Federal Geographic Data Committee (FGDC) http://www.fgdc.gov/nsdi/nsdi.html 
, accessed July 12, 2006) 
 
Geographic Information Systems (GIS) 
Information systems that manage, manipulate and analyze spatial data. 
(Theobald, 2005, p. 2). Generic GIS can be viewed as a number of specialized 
spatial routines laid over a standard relational data base management system. 
(Goodchild, 1985)  (Current GIS increasingly rely on object oriented technology.) 
 
Information Infrastructure (II) 
The [N]II includes more than just the physical facilities used to transmit, store, 
process, and display voice, data, and images. It encompasses:  equipment, 
information in various forms, applications, network standards and transmission 
codes, and people. (Information Infrastructure Task Force, 1993)  
 
Information and Communication Technologies (ICT) 
Telecommunications: Electronic transmission of information via computer 
networks. (Wheeler et al, 2000, p. 4) Transmission, between or among points 
specified by the user, of information of the user's choosing, without change in the 
form or content of the information as sent and received (Telecommunications Act 
of 1996). As telecommunications themselves become digital and based on 
microelectronic, they are merging with digital computer and media technologies. 
(Graham et al, 1996, p. 3). 
 
Telematics: Services and infrastructures which link computer and digital media 
equipment over telecommunications links. Telematics are providing the 
technological foundations for rapid innovation in computer networking and voice, 
data, image and video communications. (Graham et al, 1996, p. 3)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Geographic Information System – GIS 
 
Computerized information systems have been adopted since the 1950s as a 
way to improve government performance in serving and protecting the public 
interest by increasing government’s efficiency, effectiveness, and accountability. 
In the late 1980s, availability of user-friendly and affordable geospatial 
technologies, including geographic information systems (GIS), remote sensing 
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(RS), and global positioning systems (GPS) has prompted their intensified 
adoption by both public and private organizations at all levels, and local 
governments in particular (French et al., 1990; Budić, 1993; Masser et al., 1993). 
The core of GIS is a spatial database integrated from various sources and 
organized to provide maximum query and analytical functionality to the system 
users. As reported in a national survey by Warnecke et al. (1998), over 40% of 
the local governments sampled have the following components in their geospatial 
database: roads, hydrology, political/administrative boundaries, cadastral/land 
records, land-use/zoning, elevation, digital imagery, and geodetic control, 
indicating the common data needs at the local level. GIS technology 
implementation activities are pursued in a single department, shared by multiple 
departments, corporate (enterprise-wide), or increasingly as an 
interorganizational setup (Budić et al., 1994; Nedović-Budić et al., 2004a). 
 
2.3  Information Infrastructure - II 
 
Most of information infrastructure literature considers it in a rather narrow 
sense within a specified domain, e.g., biology (Sepic et al., 2002) or media 
(Anderson et al., 1994). Some view the Internet as II while others equate the 
digitalization of the libraries to II. While both may contribute to II as its 
components, the II envisioned by the former U.S. Vice-President Al Gore and the 
Information Infrastructure Task Force (1993) in the U.S. and its European Union 
counterpart (Bangemann Group, 1994) have much broader expectations and 
ramifications to all sectors of society. A number of researchers have also moved 
from the domain-specific to the broad societal front and attempt to develop the 
general II conceptual base (Hanseth et al., 1998, 2004; Monteiro, 1998; Monteiro 
et al., 1995; Star et al., 1996). They suggest that all IIs build on their 
technological and social installed base and maintain that IIs are open and 
support any number of users and their diverse needs.  
 
2.4  Information and Communication Technologies - ICT 
 
ICT, like its preceding technologies, are conceived as providing new 
opportunities for social development and satisfaction of societal needs (Fathy, 
1991). The most recent technological wave – the Third Wave (Toffler, 1981) 
supports the Information Revolution that uses information and knowledge as the 
prime factors in production (Brotchie et al., 1987). The Internet is the most 
influential category of ICT, making significant economic and social impact, 
especially in developed countries (Wheeler et al., 2000). From 1993 when a 
number of academics and online enthusiasts began to navigate the World Wide 
Web, the number of users increased to 40 million users in 1996, 100 million by 
1997, and the volume of traffic doubled every three months in 1998 (Wheeler et 
al., 2000).  In 2001, more than 553 million people worldwide had Internet access 
at home (Nielson//NetRatings, 2002), with 30% of the users located in the U.S. 
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According to the 2004 survey by the Pew Internet and American Life Project, the 
U.S. residential broadband access is at 48 million or 25% of population 
(Jesdanum, 2004). Most recently, ICTs are enhanced by wireless access. 
 
3.  TOPOLOGY = RELATIONSHIPS 
 
Of the four elements addressed in this discussion, ICT is the broadest 
enabling element. It is manifested as the extent of pervasiveness of the 
underlying technological infrastructure including digital and wireless networks, 
database management systems, Internet, and various peripherals that allow 
information to be collected, integrated, managed, transmitted, and used. 
However, the global landscape of ICT presence is extremely uneven, with the 
digital divide has become even wider and structural (Warschauer, 2003). This 
disparity puts the SDI efforts at different footing depending on the specific 
country’s or region’s ICT availability and capacity. The other three elements – II, 
GIS and SDI build on and take advantage of ICT presence. For example, while 
proposing the II characteristics, Star et al. (1996) argue that IIs cannot be 
independently built and maintained, but, rather, they emerge through practice 
and get connected to other activities and structures. ICT certainly presents such 
underlying structure for building IIs. 
 
The notion of information infrastructure and of installed base, in particular, 
proves to be useful in taking a more analytical look at SDIs. The concept of 
installed base implies that the existing technical (e.g., hardware, software, and 
data) and organizational (e.g., human resources and skills, management 
practices, and legal arrangements) setups may play facilitating or constraining 
role in other related developments. Georgiadou et al. (2005) incorporate this 
concept in analyzing Indian NSDI; its usefulness, however, needs to be explored 
further. Achieving SDIs with all the envisioned characteristics of a full-blown and 
operational infrastructure is not easy. In their establishment, II is connected to 
both SDI as its subset and to ineterorganizational information systems (including 
GIS) as the building blocks of both IIs and SDIs. In support of this claim, Hanseth 
et al. (2004) suggest that some of the II characteristics may be present in some 
information systems (IS), especially in interorganizational systems (IOS) or 
distributed information system (DIS). They claim that IIs are initiated when: a) 
new and independent actors become involved in the development of an IOS or 
DIS, so that the development is not controlled by one actor only; and b) one of 
the design objectives for IOS or DIS is to grow and become an II (or part of II) in 
future.  
 
Interorganizational GIS certainly constitute the SDI’s installed base and 
building blocks. When geospatial technologies and information resources are 
distributed across organizational boundaries to include multiple local 
governments and nonprofit groups, or to involve private sector partners 
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(O’Looney, 1997), they form interorganizational GIS drawing on existing 
interdependences, but also challenged by their complexities (Nedović-Budić et 
al., 1999). To illustrate these complexities, Fletcher (1999) proposes four levels of 
interoperability: global, regional, enterprise, and product; three types of 
interoperability: institutional, procedural, and technical; and three dimensions of 
interoperability: horizontal, vertical, and temporal. Important factors for achieving 
interoperability and multi-participant developments of geospatial technologies is 
sharing and easy access to geospatial information. Sharing geospatial 
information is believed to promote more effective use of organizational resources 
and cooperation among involved organizational entities (Brown et al., 1998; 
Nedović-Budić et al., 1999b, 2001). Obstacles to data sharing are numerous, 
including both technical and non-technical issues. On the data side, for example, 
it is very hard to resolve the varying needs for scales and accuracy that users 
located in the same region may have. All these are the very same factors and 
issues that SDIs are established to facilitate and resolve by developing a 
framework for more diverse set of data producers and users to interact in an 
open networked environment. The SDIs are easier to build from the substantial 
interorganizational GIS base. In turn, SDIs are also likely to stimulate and enable 
new GIS implementation efforts among a variety of private, non-profit, and public 
entities, and thus, acting as the installed base themselves (Figure 2).  
 
 
Figure 2. SDI-GIS-II-ICT Relationship 
GIS 
II 
ICT 
 SDI 
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4. REGIONAL GIS AS THE BUILDING BLOCK 
Many of the SDIs are developed at the national or state levels and populated 
by 
Based on the analysis of 116 responses, the results of this study suggested 
tha
 
the datasets too general to be of specific value for the local problem-solving 
and decision-making processes (Nedović-Budić et al., 2004b). From the very 
inception of the NSDI idea in the U.S., metropolitan regions have been 
considered as an ideal level for interorganizational GIS and data integration 
activities across multiple themes and jurisdictions. For example, the concept of 
“area integrators” was included in the early NSDI implementation documents 
(FGDC, 1995), and although it did not successfully take off, it pointed to the 
important role of the regional level and its GIS data integration capacity as the 
base for building a viable NSDI. Focusing on these regional building blocks, 
Knaap et al. (2003) contacted 388 metropolitan planning organizations (MPOs) 
and other regional entities to assess their regional GIS capacity. The focus was 
on metropolitan areas where the majority of U.S. population lives and where most 
of urban growth and its consequences occur. In addition to understanding the 
availability of relevant data themes in the metropolitan constituent units (counties, 
parishes, or boroughs), the extent of data assembly at the regional level, 
technical, policy, organizational, regulatory, resource, and other conditions for 
development and integration of regional GIS datasets were assessed. 
 
t despite the major technological advancements in GIS and other related 
technologies and the extensive efforts invested in spatial data development at the 
local, regional, state, and national levels since the early 1990s, data availability 
and/or integration at the regional level was still inadequate. Primarily due to the 
resource and institutional constraints, the capacity was far below what was 
technically feasible. More specifically, the regional datasets essential for land 
monitoring and planning, were available, integrated, and regularly updated in less 
than one third of metropolitan areas. While there was an increased compatibility 
in software and data formats and general openness to GIS data sharing, the use 
of advanced methods for data exchange and integration was limited (e.g., 
Internet-based access). Also underdeveloped were the formalized 
interorganizational mechanisms and agreements on standards, rules and 
responsibilities, with more than one third of the respondents reporting the 
absence of such agreements. The regional cooperation and communication – the 
fundamental requisites for building regional GIS capacity – were not well 
established and functional in the majority of metropolitan environments. Finally, 
the majority of regional GIS endeavors drew on local contributions and grants, 
which were generally less stable sources when compared to continuous funding 
based on budget line items. The organizations located in the largest 50 urban 
areas functioned under slightly different circumstances than organizations in 
medium and small size urban areas. Their environments may be on average 
characterized as more affluent (and hence having more stable funding to support 
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regional GIS efforts), more active in data development activity, more open to data 
sharing, and more likely to employ advanced methods (e.g., Internet-based 
clearinghouses) for providing data access. However, the larger size of those 
regions and the higher number of participants involved posed substantial 
difficulties in cooperating, establishing functional communication networks, 
accessing other organizations’ data, and agreeing on mutual GIS standards, 
roles, and responsibilities. 
 
The opportunities for SDI to progress lie primarily within the local and regional 
rea
. CONCLUSION – THE NEED FOR CAPACITY BUILDING 
This paper provides common definitions of four elements – information and 
com
apacity building has been recognized as an inherent part of the SDI 
dev
lms. Awareness about the common problems and the value of comprehensive 
regional policy solutions to urban development and other issues is the underlying 
and necessary motivational factor. Creating institutional mechanisms to support 
regional GIS is the key facilitating factor for achieving a sustainable information 
base. External stimuli may prove to be beneficial too, e.g., some of the initiatives 
led by federal and state governments, e.g., USGS’s The National Map, 
Geospatial One-Stop,  FGDC’s (2004) The Future Directions Initiative, and SDI 
Reference Manual – SDI Cookbook. These initiatives have already contributed to 
raising recognition of the importance of locally developed and maintained 
datasets and their vertical integration at regional, state, and national geographies 
and scales.  
 
5
 
munication technologies (ICT), information infrastructure (II), geographic 
information system (GIS), and spatial data infrastructure (SDI), and explores their 
relationships.  Like its more general counterparts—information infrastructures, 
SDIs are neither created from void nor completely designed. Rather, the process 
of “building” is replaced by “cultivation” of social and technical installed base to 
gradually incorporate diverse actors in a networked environment. The cultivation 
approach gives sufficient flexibility to accommodate local circumstances and 
practices. It also turns attention to the capacity building needs at all levels, 
including the so called “interagency collaborative capacity (ICC)” (Bardach, 
1998), individual agency and interorganizational GIS capacity (Mackay et al., 
2002; Huxhold et al., 1995; Brown et al., 1998), and citizen/user capacity (Tettey, 
2002). 
  
C
elopment activities (Enemark et al., 2004; Georgiadou et al., 2002; Masser, 
2004; Williamson et al., 2003). Capacity building theories (Kolb et al., 1971; 
Revans, 1980) underscore that learning occurs when an individual critically 
reflects on their experience and generalizes from these reflections. The effort to 
build capacity, in the context of technology deployment and use, becomes 
effective only in conjunction with prior experiences with the same or similar 
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technologies and the context around them. Tettey (2002) applies Zhu’s (2000) 
WSR—wuli, shili and renli—approach to break the concept of capacity into 
constituent dimensions and evaluate the  ICT capacity in Ghana. WSR 
encapsulates three dimensions respectively: material/technical, 
cognitive/psychological, and social/political. All three dimensions are relevant to 
SDIs as well, with “wuli” corresponding more closely to what we refer to as the 
installed base. However, only in favorable social/political and 
cognitive/psychological environments, the material/technical aspect of capacity 
building can be adequately addressed. If, for instance, a particular society 
successfully deploys and operates ICT services and II, the chance of GIS or SDI 
to succeed is higher too. Conversely, if any of the four elements is challenged, 
the others will be affected. Thus, in general, each of the elements is both 
enabling and constraining to others. But more specifically, we consider ICT and II 
as more potent enablers, as they provide the generic technological base to all 
other developments including SDI and GIS. SDI and GIS, in turn are mutually 
enabling and supporting.  
 
We believe that the enabling and constraining role of each element is more 
visi
inally, there is a clear need for a more concerted and coherent action in 
dev
ble through the lens of ‘effective use.’ Effective use of ICT, according to 
Gurstein (2003), is the capacity and opportunity to successfully integrate the 
relevant technologies in achieving the users’ self or collaboratively defined goals. 
The author’s notion of effective use need to be extended to incorporate and 
connect all four elements included in this discussion. Effectiveness of SDI 
depends on ICT, II and GIS; effectiveness of GIS is determined by both ICT and 
SDI. Rather than treating them in isolation, the effective use of each element can, 
in fact, be enhanced when we apply a more holistic and interactive approach that 
draws on their complementarities and interdependences. 
 
F
eloping spatial data infrastructures around the world. The local and regional 
GIS, in particular, may be regarded as the SDI building blocks. We suggest that 
development of multi-purpose databases that serve both civic and public safety 
needs is more efficient than focusing only on data that would support occasional 
incidents or decisions. Institutionalization of GIS technology and data and their 
use on a daily basis for a variety of public, private and non-profit sector functions 
is the most efficient way of developing, maintaining, and integrating the national 
datasets. ICT and II activities cannot run in isolation from GIS and SDI and vice 
versa. To better exploit the mutually supportive roles of the four elements, it is 
essential to understand how they relate. With the Bermuda Square model put 
forth in this paper, we argue that a greater social impact will ensue when we 
consider the enabling and enabled technologies together rather than separately. 
GIS and SDI can take advantage from ICT and II, which are of much broader 
scope; ICT investments, in turn, can get critical justification by treating geo-spatial 
information as important and vital content related to a wide range of perennial 
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socio-economic and environmental problems. As in the case of Bermudas – 
rather than fear and mystify the elements, we are better off if harness their 
capacities and take advantage of their interdependencies.   
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